Abstract
Introduction
The association between physical environment and health has been known for a very long time. For example, changes in health introduced by agriculture and the Industrial Revolution are two milestones in this history 1 . Currently this association is more complex due to the prevalent social, cultural, and economic conditions. According to some estimates, environmental factors are responsible for 25-33% of the global burden of disease and mainly affect the under-five population 2 .
Epidemiology, as a discipline studying the health of human populations, has been focused from its beginning on environmental effects on health. Even though many of its developments have focused on individual factors 3 , during the last decades a new interest in studying contextual effects on health has arisen 4 . In this way, the hegemonic approximation -so-called eco-social approach -has encouraged the study of social determinants 5 . Some effects of income inequality on health have been extensively explored within the "income inequality hypothesis" framework. Other macro-determinants require more empirical studies, following alternative approaches 6 .
The entwined relationships between social and physical environments are not yet fully understood. Donohoe 7 suggests that the combined action of environmental degradation and social injustice represent the most relevant macro-Cad. Saúde Pública, Rio de Janeiro, 27(6):1175-1184, jun, 2011 determinants of global health. These determinants are manifested in exaggerated increments in population growth, water and air pollution, deforestation, global warming, unsustainable agricultural and fishery practices, exaggerated consumption of goods, income inequality, economic crises, militarization and wars. As a consequence, various adverse conditions tend to worsen, including the extinction of some species, extreme weather conditions, growth in poverty, overcrowded living conditions, hunger, and human rights abuses. As can be appreciated, a reexamination of the effect of each of these determinants must be undertaken based on current knowledge.
Concepts from various environmental sciences and disciplines, mainly ecology, could help to understand the impact of each environmental factor on human health. However, their incorporation into epidemiological approaches demands high levels of creativity among researchers. There are few similar experiences available in the specialized literature. In the Latin American context the work of Josué de Castro and his followers are highly relevant because he proposed the existence of links between the physical and social environment to understand the current world 8 . It is very important to study this topic in Mexico since it is the country with one of the highest rates of deforestation in Latin America, despite the fact that it also one of the most biodiverse being one of the countries with largest biodiversity 9 . The objective of this study was to examine the potential effect of some physical environmental factors on life expectancy at birth.
Material and methods

Design and sources of information
An analytical ecological study with multiple groups 10 was carried out with data from the 32 Mexican states. Total and per sex life expectancy at birth were obtained for each state, from the 2003 registries of the National Institute of Statistics, Geography, and Informatics (Datos demográficos. http://wwwinegi.gob.mx/inegi/ default.asp, accessed on 15/Feb/2005), and the National Population Council (Conapo). Life expectancy at birth has been identified as a good marker of environmental health 11 . Life expectancy at birth is a compositional variable defined as the mean number of additional years that a person would live if current mortality tendencies were maintained during his or her lifetime 12 . Given that life expectancy is strongly dependent on the criteria used to select groups, in regions with high child mortality life expectancy at birth is highly sensitive to deaths during the first years of life 13 . The relationship between mortality and life expectancy at birth has been recognized ever since a series of classic studies in the United Kingdom, where a historical reduction in mortality occurred at younger ages, and these changes were related to environmental changes 14 . It must be remembered that children are especially susceptible to environmental risk factors 2, 15 .
Environmental indicators included in the analysis are part of the Compendium of Environmental Statistics, and are available from the Environment and Natural Resources Ministry (Semarnat) web page (Compendio de estadísti-cas ambientales. http://www.semarnat.gob.mx/ wps/portal, accessed on 27/Sep/2004). In this text a complete description of each environmental indicator is available. Indicators were selected so that several of them could be included in each one of the following groups: (i) demography (n = 4); (ii) housing (n = 3); (iii) poverty (n = 6); (iv) water (n = 4); (v) soils (n = 13); (vi) biodiversity (n = 7); (vii) forestry resources (n = 6); and (viii) residues (n = 7). Data originally in hectares (ha) were converted into kilometers (km). Since there is no standard method to measure physical environment, these indicators were considered appropriate for building unmeasured latent variables with any dimensions of physical environ- • Housing: individual dwelling-houses with plumbing (%) (H1), individual dwelling-houses with sewage (%) (H2), and individual dwellinghouses with electricity (%) (H3). All data obtained from sources of 2002.
• Poverty: residences with certain overcrowding (%) (P1), individuals occupying houses having compacted-soil floors (%) (P2),marginalization index (P3), education level index (P4),gross national per capita income index (P5), and human development index (P6). All data obtained from sources for the year 2002.
• Water: mean annual rainfall between 1941 and 2000 (mm) (W1), extent of population with access to drinking water (%) (W2), extent of population with access to sewage (%) (W3), and disinfected water for human consumption as a percentage of the total supply (W4). All data obtained from 2002 sources.
• Soils: areas with trees (woods or tropical forests) (ha) (S1), areas with vegetation in arid zo-nes (ha) (S2), areas for agriculture (ha) (S3),areas for grasslands (ha) (S4),areas for human dwelling (ha) (S5),areas with mountainous regions (%) (S6), wood ecosystem affected by modifying its use (%) (S7), tropical forest ecosystem affected by modifying its use (%) (S8), and dessert ecosystem affected by modifying its use (%) (S9). All data obtained from 2002 sources. Additionally areas with degraded soils (ha) (S10), total areas without degradation (ha) (S11), and stabilized non-degraded lands due to human intervention (ha) (S12) from data obtained from 1999 sources; environmental emergencies occurred between 1995 and 2001 (%) (S13).
• Biodiversity: registered fish species of the national total (%) (B1), registered amphibian species of the national total (%) (B2), registered reptile species of the national total (%) (B3), registered bird species of the national total (%) (B4), registered terrestrial mammals of the national total (%) (B5), registered flying mammals of the national total (%) (B6), and registered marine mammals of the national total (%) (B7). 
Statistical methods
An exploratory factor analysis with 50 environmental indicators was carried out. This type of analysis was chosen to explore the effects of unmeasured latent variables from the physical environment. A previous study used a similar methodology to show its use in public health studies 16 . Factor analysis is a mathematical model that explains covariance or correlation among a large number of observed variables in terms of a smaller group of unobserved latent variables 17 . One a priori criterion to consider a factor as relevant was that they exhibited a proportional contribution higher than 5%. Four common factors (FC1, FC2, FC3, and FC4) were extracted after a varimax rotation. These factors explained 67.24% of the variance. In addition, factor scores were calculated for every state, and after these scores were normalized. A more detailed description of the remaining procedures of factor analysis is given in the Results section. These four factors were included as independent variables in OLS regressions where total and per sex life expectancy at birth were the dependent variables.
Subsequently, coefficients obtained were adjusted with Gini coefficients estimated using data from the 2000 national census, published elsewhere 18 . This index was included because in previous ecological studies, income inequality was shown to be a very important determinant of health among the Mexican population 19, 20, 21 . During the exploration, the Gini coefficient was found to be included within the FC1, thus this was excluded from further analyses. On the other hand, no normality was observed in studentized residuals; hence several models were tested in which the dependent variables were transformed. Nevertheless, results were rather similar; therefore, it was decided that the results were presented with the original variable to facilitate the interpretation. All analyses were performed with the Stata 11 statistical software (Stata Corp., College Station, USA).
Results
In 2003, life expectancy at birth in the overall Mexican population was on average 74.88 years, with a range from 73.2 to 76.1 years. Life expectancy at birth was higher for women (mean: 77.34 years, range: 75.9-78.5) than men (mean: 72.42 years, range: 70.6-73.9). The distribution of these variables were almost normal (p-value > 0.05, Shapiro-Wilk's test). Factor loadings of 50 environmental indicators for the four common factors are reported in Figures 1 to 4 . Eigenvalues for FC1, FC2, FC3, and FC4 were 15.89, 7.99, 6.86, and 2.86, respectively, and the proportional contributions of these factors were 31.78, 16.00, 13.73, and 5.73.
The first factor (FC1) exhibited positive strong relations with marginality, population living in houses with compacted-soil floors, and illiteracy; other positive relations were with: rural population, global fecundity rate, overcrowding, historical rainfall, existence of tropical woodlands, and presence of amphibians, reptiles, birds and flying mammals. In addition, a strong negative association was present with the human development index, as well as with individual housing with plumbing, sewage, and electricity; educational level and gross national income per capita; population with drinking water and sewage. To this analysis this factor represented population vulnerability/susceptibility and biodiversity.
The second factor (FC2) has a strong positive relation with population benefited by solid waste collection, overall population, and generation of municipal solid waste. Likewise, a positive association was observed with areas predetermined for human dwelling, final disposal of municipal solid waste in sanitary landfills and unsupervised sites, and recycling, number of authorized companies handling hazardous industrial waste and environmental risk studies of industries in operation and new projects. In this analysis, this factor represented urbanization, industrialization, and environmental sustainability.
The third factor (FC3) was positively associated with areas having trees and vegetation in arid zones, area for grasslands, area with degraded soils, total area without apparent degradation and the existence of timberlands. This factor represented ecological resilience. The fourth factor (FC4) was negatively correlated to the existence of timberlands, area with forest diagnosis, areas affected by plagues and forest diseases. This factor encompassed environments free of forest plagues. The OLS regressions are summarized in Table 1 . Note that the four factors are significantly related (p-value < 0.05) with life expectancy at birth, overall and per sex. FC1 was negatively related for both sexes, though its impact was higher in women; conversely, FC2, FC3 and FC4 show a higher positive effect on men.
Discussion
A brief explanation will be given of the meaning assigned to each of the factors studied before addressing the results. Vulnerability has diverse meanings depending on the disciplinary approach. However, within health sciences it is frequently used to denominate health problems, harm or negligence; from this perspective, vulnerability is intimately related to the differential risk, either observed or expected, and enables the definition of vulnerable populations in reference to the enhanced susceptibility to adverse effects on health 22 . Biodiversity is the degree of variety in nature in terms of genes, species, or ecosystems present in a determined region 23 . The relationship between diminished biodiversity and an increment in the occurrence of emergent and re-emergent infectious diseases has been described 24, 25, 26 .
Urbanization is a social phenomenon characterized by the relative growth in the population residing in urban zones, along with underlying changes in inhabitants' lifestyles, food and the environmental factors in general to which such a population is exposed 27 . Several studies describe the beneficial effects of urbanization related to the access to services concerning health, information, education, drinking water, larger incomes, while others report urban poverty associated with adverse effects due to overcrowding, inadequate water services and garbage disposal 28 . Industrialization is a series of social and economical changes by which a society is transformed from a pre-industrial phase to an industrial one. Its initial phase or proto-industrialization is characterized by a rapid development in rural industry with changes in the spatial organization of the rural economy; the appearance of machines is a distinctive trait of the second phase 29 . Table 1 Impact of environmental factors on life expectancy at birth estimated with multiple linear regression models.
Variable
Total population Men Women Environmental sustainability refers to the actions taken to avoid a deterioration of the natural capital that supports human life 30 . It is an important consideration for all international organizations and, in a certain way, seeks to improve health conditions in human populations 31 . Ecologic resilience is the capacity of adaptation of an ecosystem when confronted with processes that alter its original state 32 ; a resilient environment is healthier that a degraded one 33 . Environments free of forest plagues may be related to better health conditions, taking into consideration the evidence that suggests that healthy plants and the conditions associated with the growth of crops are relevant indicators of human health, given the presence of environmental allergens, food security, agricultural practices, mycotoxigenic fungi and the biological control of diseases in plants 34 .
Having clarified the constructs for the four extracted factors, the more relevant finding in this study was the significant relation between life expectancy at birth and physical environment, expressed in the four factors studied. Among these, the one with the greatest impact was FC1, related to population vulnerability/susceptibility and biodiversity. The outcome of this study is consistent with previous studies, in which vulnerability is generally due to socioeconomic factors 35 though other forms of vulnerability and inequalities require further study 36, 37 . The results showed a south to north gradient inverse to the tendency with life expectancy at birth. Latitudinal gradients such as these have been reported for multiple sclerosis 38 , some neoplasias 39 , Parkinson's disease 40 , and several infectious diseases 23 .
The second relevant finding was the combined presentation of the macro-determinants. In this manner the vulnerability/susceptibility factor cannot be isolated from biodiversity. These types of results have been previously reported 36, 41 , though the emphasis in recent studies lies in poverty and income inequality rather than in their combined action. Possibly a fundamental cause may exist to account for these differences that is related to the so-called "inequality culture" 42 . This finding must be considered specific for Mexico and may not be generalized to other populations.
The positive association of life expectancy at birth and FC2, related to urbanization, industrialization and environmental sustainability may be,to a great extent, due to environmental sustainability. It is well known that chaotic urbanization and industrialization are associated with environmental degradation and this in turn is related to adverse health effects. Environmental degradation is considered to be due to the population effect, consumption level per person, and technology; these factors interact in diverse complex economical, political, social and cultural contexts 43, 44 .
For this reason, the beneficial effects of urbanization and industrialization must be those related to environmental sustainability. FC3 and FC4 positive effects support the hypothesis that resilient environments are healthier, as well as those free of plagues, perhaps due to the previously mentioned mechanisms. The fact that FC3 is not associated with life expectancy at birth in women, though it is related to men and to both sexes taken together, could point to different causal mechanisms among men and women. These mechanisms need further study and might have not been detected if the analysis were not stratified per sex 45 .
These results are consistent with Castro's 46 arguments described in Geografia da Fome. O Dilema Brasileiro: Pão ou Aço. Whereas in this study life expectancy at birth was the outcome, Castro analyzed the determinants of food insecurity. However it is very interesting that the complex relationship between physical and social environmentsare found to be relevant in both analyses. According to the book, originally published in 1946, a lack of nutrients in the food of Brazilian populations was a consequence of climatic and cultural characteristics of localities, and the concentration of land in the hands of few people 47 . The recognition of this relationship can help to delineate potential solutions to current nutritional and health problems. It may be necessary to change the hegemonic development options expressed in the "green revolution", to an "evergreen revolution" or "doubly green revolution" that is more respectful of nature 8 .
Results described here must be understood in light of the limitations of the methodology used. The present study is ecological, factors from the physical environment are global variables and the event is a compositional variable 10 ; so inferences at the individual level may lead to ecological fallacies. The associations encountered in this study are small, its magnitude agrees with the type of expected effects for ecological variables. The high correlation between variables, a methodological problem frequently found in ecological studies 10 , was corrected by the use of factor analysis 48 . The reduced sample size in this study may be a point of controversy. However, it is known that in factor analysis small samples allow for precise and accurate estimations when high communalities exist 49 , as in this study. The drawback of sample size turns to be more crucial in OLS regression; given that in the performed analyses significant relations were found, no problems of this type were faced.
In conclusion, this study suggests that contextual effects of physical environment impact on life expectancy at birth. The introduction of ecological concepts helped to understand the association between environment and health, in a similar manner in which these concepts have been used in other areas 50 . Further eco-epidemiological studies must favor the use of places as analysis units rather than geopolitical spaces 51 .
These studies should also improve the measurement of physical macro-environmental constructs, and incorporate variables with lower aggregation levels 52 , including environments near to individuals (for example housing, work, and neighborhood). These design options enable a better identification of environmental effects. Likewise, other environmental factors should be explored, since each region possesses different ecosystems in which the relations between factors may vary. 
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